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(57) An implantable monitor (1 0) and method to ac- 
quire, store, and display physiological data for the diag- 
nosis of vasovagal syncope or intermittent cardiac ar- 
rhythmias. Physiological data monitored preferably 
comprises heart rate, blood pressure, and body posture. 
Physiological signals are monitored until detection of an 
event that triggers the storage of data. A storage-trig- 
gering event may be a maximum or minimum heart rate 



or blood pressure, a dramatic change in heart rate or 
blood pressure, or a patient-activated signal. In one em- 
bodiment, confirmed detection of vasovagal syncope by 
the monitor (1 0) causes a telemetric command to enable 
a syncope therapy. Storage of physiologic data is trig- 
gered by predetermined arrhythmia or syncope detec- 
tion criteria and appropriate stimulation therapy for the 
detected condition may be enabled. 
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Description 

[0001] This application is related to commonly-assigned, copending U.S. Application Serial No. 09/457,451, filed 
December 8, 1999, titled "An AC/DC Multi Axis Accelerometer For Determining Patient Activity And Body Position," 

5 and to U.S. Application Serial No. 09/543,832, filed April 5, 2000, titled "System And Method For Prevention Of Re- 
current Vasovagal Syncope Using Cardiac Pacing," both of which applications are incorporated herein by reference. 
[0002] The present invention relates generally to an implantable medical device for monitoring physiological signals. 
More specifically, the present invention is directed at providing a device and method for storing physiological signals 
during episodes of syncope or cardiac arrhythmias for use in the diagnosis of syncope or intermittent arrhythmias. 

w [0003] Syncope, or fainting, as a result of inadequate cerebral blood flow may be caused by a number of neurocar- 
diogenic or cardiac-related factors. A common form of syncope is vasovagal syncope, a type of neurocardiogenic 
syncope, that is believed to be precipitated by a reflex of the vagal nerves of the left ventricle that causes hypotension 
and can be accompanied by a sudden drop in heart rate. Though normally not life-threatening, vasovagal syncope 
may have serious consequences on a patient's quality of life and can result in injury and hospitalization. Syncope as 

15 a result of underlying cardiac dysfunction is a more serious form since the cardiac-related cause may be a life-threat- 
ening cardiac illness or arrhythmia. 

[0004] In many cases, the diagnosis of syncope is a challenge. Nearly half of all cases of syncope are estimated to 
remain unexplained. One difficulty in diagnosing the cause of syncope is due to the intermittent nature of syncope. A 
patient may experience a syncopal event only a few times a year making attempts to monitor the cause of syncope in 

20 a physician's office somewhat "hit-or-miss." 

[0005] Commonly used tests for diagnosing syncope may include a head-up tilt table test, an electrophysiological 
study, 24 to 48-hour ECG monitoring in the form of a Holter monitor, or external event recorders which may be used 
to record ECG events over a period of several weeks. The limitation of electrophysiological studies and Holter moni- 
toring is again the fact that syncopal episodes, and the cardiac rhythms associated with syncope, may be intermittent 

25 and infrequent and therefore entirely missed by short-term monitoring. Even external ECG event recorders that can 
monitor for several weeks may not provide a long enough period of data collection to record a syncopal event. Another 
limitation of external devices is patient compliance in keeping skin electrodes well attached and wearing the external 
unit at all times. 

[0006] A tilt-table test is used to induce a syncopal event in a clinical setting. A patient lies supine on a table for a 
30 period of time after which the table is tilted upward. Vasovagal syncope is characterized by a sudden drop in heart rate 
and a decrease in blood pressure which can sometimes be induced by a change in position. Tilt-table tests, however, 
have been found to produce falsely positive results in many cases. False negative results may also be obtained leaving 
the diagnosis as unexplained. A tilt-table test unfortunately does not always provide reliable results. 
[0007] The opportunity to diagnose vasovagal syncope or an arrhythmic cause of syncope exists during an actual, 
35 spontaneous syncopal event. At that moment, physiological events leading up to the syncopal event can be recorded 
and analyzed for a more conclusive diagnosis. 

[0008] Vasovagal syncope can result from at least three types of vasovagal responses: 1 ) a cardioinhibitory response 
producing a sudden drop in heart rate, 2) a vasodepressor response producing a sudden drop in blood pressure, and 
3) a mixed response with both cardioinhibitory and vasodepressor responses. Vasovagal syncope usually occurs when 
40 a patient is upright and gravitational effects impact venous flow back to the heart, further decreasing flow to the brain, 
precipitating the syncopal event. Therefore, accurate diagnosis and selection of the most effective treatment for vas- 
ovagal syncope would include monitoring of patient blood pressure and patient position as well as heart rate or ECG 
when syncope occurs, as is done during a tilt-table test. 

[0009] Vasovagal syncope may be treated by pacing the heart at an elevated rate when bradycardia (slow heart rate) 
45 occurs or may be treated by administration of a pharmocologic agent. Accurate diagnosis of the cause of syncope is 
important in determining the proper treatment and preventing recurrent vasovagal syncope. 

[0010] It would be desirable, therefore, to provide an implantable medical device capable of monitoring heart rate, 
blood pressure, and patient position for the purpose of diagnosing vasovagal syncope or intermittent cardiac arrhyth- 
mias. An implantable monitor could record these physiological signals when a spontaneous syncopal event occurs 
50 and could replace or enhance inconclusive tilt-table testing. Incorporating such monitoring capabilities in a device that 
is capable of treating vasovagal syncope would allow therapy to be applied immediately in response to detected phys- 
iological events that normally precede or occur with syncope. 

[001 1 ] The present invention addresses these needs by providing an implantable medical device capable of sensing 
a patient's ECG, heart rate, blood pressure, and body posture or position, for the purposes of diagnosing vasovagal 
55 syncope or intermittent cardiac arrhythmias. In one embodiment, the device functions as a monitor by collecting and 
storing data for later transmission to an external device. 
[0012] The invention is set out in the appended claims. 

[0013] The monitoring device includes an insulated housing with at least two electrodes for sensing heart rate that 



2 



EP 1 331 022 A2 



are incorporated in the housing surface but are electrically insulated from each other and the housing. Within the 
monitoring device housing, additional physiological sensors may be included, preferably a blood pressure sensor, 
which may be an infrared sensor, and a position sensor, which may be a three-dimensional accelerometer. 
[0014] The monitoring device further includes a programmable control system for controlling the monitoring functions, 
5 such as recognizing events that will trigger the storage of sensor data; a data acquisition system for sampling and 
digitizing ECG and sensor signals; a memory for storing data; and a telemetry circuit for transmitting stored data to an 
external device. A magnet detection circuit may be included for detecting when a patient-held activation device is held 
over the implanted device so that data storage may be triggered manually the patient when he or she is feeling symp- 
tomatic. 

w [0015] In operation, a number of programmable events, or combination of events, may trigger the storage of sensor 
data such as: an upper heart rate limit, a lower heart rate limit, an upper blood pressure limit, a lower blood pressure 
limit, a dramatic change in heart rate, or a dramatic change in blood pressure. Upon a detected trigger event or a 
patient-activated trigger, heart rate or ECG, blood pressure, and body position or posture data may be stored for a 
predetermined period of time. Data is then downloaded to an external device and used to diagnose a physiologic 

15 condition of vasovagal syncope or ventricular bradycardia, tachycardia, or fibrillation. 

[0016] In an alternative embodiment, the monitoring methods provided by the present invention for diagnosing vas- 
ovagal syncope are incorporated in an implantable cardiac stimulation device. The stimulation device includes, in 
addition to the components of the monitoring device, a set of leads for receiving cardiac signals and for delivering atrial 
and ventricular stimulation pulses; a set of sensing circuits comprised of sense amplifiers for sensing and amplifying 

20 the cardiac signals; and pulse generators for generating atrial and ventricular stimulation pulses. When vasovagal 
syncope or a cardiac arrhythmia is detected by the monitoring methods provided by the present invention, operating 
parameters controlling the stimulation device may be automatically adjusted in order to deliver stimulation to the heart 
in a way that prevents or treats syncope or the arrhythmia. 

[0017] The present invention thus provides a device and method for monitoring physiological data for the diagnosis 
25 of syncope based on the monitoring techniques used in tilt-table testing with the advantage of recording diagnostic 
data when a spontaneous syncopal event occurs. Vasovagal syncope due to a hypotensive response with or without 
a bradycardia response may be diagnosed. Intermittent cardiac arrhythmias may also be diagnosed. Confirmed syn- 
copal or arrhythmic events may be treated by enabling a therapy to be delivered by another device, or the same device 
when monitoring methods are incorporated in a cardiac stimulation device. 
30 [0018] The method of claim 10 preferably further includes the following aspects: 

[0019] The method further comprising, upon detection of the blood pressure trigger event, storing acquired physio- 
logical signals for a predetermined period, and preferably further comprising displaying stored physiological data. 
[0020] The method wherein acquiring the second physiological signal comprises acquiring an electrocardiogram 
(ECG) signal, and preferably wherein acquiring the second physiological signal comprises acquiring heart rate meas- 
35 urement. 

[0021] The method further comprising acquiring body posture measurement. 

[0022] The method wherein acquiring heart rate measurement comprises detecting a maximum heart rate, or a 
minimum heart rate, or a predetermined change in the heart rate. 

[0023] The method wherein analyzing the first physiological signal comprises detecting a maximum blood pressure, 
40 or a minimum blood pressure, or a predetermined change in blood pressure. 

[0024] The method further comprising treating vasovagal syncope if vasovagal syncope is confirmed, and preferably 
wherein treating vasovagal syncope comprises delivering cardiac stimulation pulses at a rate above an intrinsic heart 
rate. 

[0025] The method wherein selectively confirming vasovagal syncope comprises diagnosing intermittent cardiac 
45 arrhythmia, and preferably wherein confirming intermittent cardiac arrhythmia comprises confirming bradycardia, or 
wherein confirming intermittent cardiac arrhythmia comprises confirming any one of low rate tachycardia, high rate 
tachycardia, and fibrillation, or further comprising treating the intermittent cardiac arrhythmia. 

[0026] Embodiments of the invention will now be described, by way of example, with reference to the drawings, 
wherein reference numerals are reused, where appropriate, to indicate a correspondence between the referenced 
50 items, and wherein: 

FIG. 1 is a simplified illustration of an implantable monitoring device for receiving, storing and transmitting physi- 
ological data for the purposes of diagnosing vasovagal syncope or intermittent cardiac arrhythmias; 
FIG. 2 is a functional block diagram of the monitoring device of FIG. 1 , illustrating the basic elements that provide 
55 sensing, storage, and transmission of physiological signals important in diagnosing vasovagal syncope; 

FIG. 3 is a flow chart providing an overview of the methods included in one embodiment of the monitoring device 
of FIG. 2 for monitoring physiological signals for the diagnosis of vasovagal syncope; 

FIG. 4 is a flow chart depicting a method for the detection and diagnosis of vasovagal syncope or intermittent 
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cardiac arrhythmias included in one embodiment of the monitoring device shown in FIG. 2; 
FIG. 5 is a flow chart depicting a method included in one embodiment of the monitoring device shown in FIG. 2 
for enabling a vasovagal syncope therapy in a therapeutic device when vasovagal syncope is detected; 
FIG. 6 is a simplified, partly cutaway view illustrating an implantable stimulation device in electrical communication 
5 with at least three leads implanted into a patient's heart for delivering multi-chamber stimulation and shock therapy 

in which a monitoring method for diagnosing vasovagal syncope is included; 

FIG. 7 is a functional block diagram of the multi-chamber implantable stimulation device of FIG. 6, illustrating the 
components that provide pacing stimulation, cardioversion, and defibrillation in four chambers of the heart; and 
FIG. 8 is a flow chart providing an overview of the monitoring and treatment methods included in one embodiment 
10 of the stimulation device of FIG. 7 for the detection, diagnosis, and treatment of vasovagal syncope or cardiac 

arrhythmias. 

[0027] In the description of the invention that follows, like numerals or reference designators will be used to refer to 
like parts or elements throughout. 

15 [0028] The present invention is directed at providing a monitoring device and method for storing physiologic data for 
the purposes of diagnosing vasovagal syncope. An implantable monitor will thus be described in conjunction with FIGS. 
1 and 2, in which methods provided by the present invention for acquiring and storing data may be implemented. It is 
recognized, however, that numerous variations of such a device exist in which the methods of the present invention 
could be implemented without deviating from the scope of the present invention. 

20 [0029] FIG. 1 illustrates an external view of a monitor 10 to be implanted subcutaneously or submuscularly in a 
patient's body. The monitor 10 is encased in an insulated housing 40, also referred to as the "can" or "case." At least 
two sensing electrodes 14 and 16 are incorporated on the external surface of the housing 40 and are electrically 
insulated from each other and from the housing 40. The electrodes 14 and 16 may be used to monitor the patient's 
ECG to measure the patient's heart rate using electrodes 1 4 and 1 6, which changes as the ventricular mass depolarizes. 

25 The size and spacing of electrodes 1 4 and 1 6 are such that an adequate signal-to-noise ratio is obtained. The electrodes 
may be on the order of 1cm or less in diameter and spaced approximately 1 to 4 cm apart. The electrodes are shown 
on one side of the monitor 10, but could also be located on opposite sides. 

[0030] FIG. 2 illustrates a simplified block diagram of the monitor 10, which is capable of acquiring physiological 
signals important in diagnosing vasovagal syncope and storing the signals on a triggered basis. While a particular 

30 monitoring device is shown, this is for illustration purposes only, and one of ordinary skill in the art could readily duplicate, 
eliminate or disable the appropriate circuitry in any desired combination to provide a monitor capable of acquiring and 
storing a set of desired physiological signals for the purposes of diagnosing vasovagal syncope. 
[0031] The housing 40 includes at least two terminals 54, and 52 (shown schematically and, for convenience, the 
names of the electrodes to which they are connected are shown next to the corresponding terminals) for connection 

35 to the sensing electrodes 14 and 16 incorporated on the surface of the monitor 10. To achieve ECG monitoring for 
monitoring heart rate, at least two terminals 1 7 and 1 8 are provided for connection to electrodes 1 4 and 1 6. The housing 
40 may also be electrically connected by a terminal and function as a third electrode. 

[0032] At the core of the monitor 1 0 is a programmable microcontroller 60 that controls the monitoring functions. The 
microcontroller 60 typically includes a microprocessor, or equivalent control circuitry, designed specifically for control- 
40 ling the acquisition of physiologic data, and may further include RAM or ROM memory, logic and timing circuitry. Typ- 
ically, the microcontroller 60 includes the ability to process or monitor input signals (data) as controlled by a program 
code stored in a designated block of memory. Any suitable microcontroller 60 may be used that carries out the functions 
described herein. 

[0033] The microcontroller 60 includes a timing control circuit 79 that is used to control the timing of data acquisition 
45 and storage. One or more signals may be monitored by monitor 10, and, upon a specified triggering event, timing 
control circuitry 79 determines the beginning and ending time for storing monitored signals. 

[0034] To acquire ECG, the switch 74 includes a plurality of switches for connecting the desired sensing electrodes 
to the inputs of a data acquisition system 90, which is depicted as an analog-to-digital (A/D) converter for simplicity of 
illustration. The data acquisition system 90 is configured to acquire ECG, convert the raw analog data into digital 

50 signals, and store the digital signals for processing and/or telemetric transmission to an external device 1 02. The data 
acquisition system 90 is coupled to the electrodes 1 4 and 1 6 and housing 40 through switch 74 to sample ECG across 
any pair of desired electrodes. The switch 74 thereby provides complete electrode programmability. Accordingly, the 
switch 74, in response to a control signal 80 from the microcontroller 60, determines the polarity of the sensing elec- 
trodes by selectively closing an appropriate combination of switches. 

55 [0035] As illustrated in FIG. 2, the monitor 10 is shown to include an impedance measuring circuit 112 which is 
enabled by the microcontroller 60 by a control signal 114. The impedance measuring circuit is used by monitor 10 to 
measure body (or thoracic) impedance using electrodes 1 4 and 1 6 via switch 74 for the detection of a heart beat due 
to the change in impedance during ventricular depolarization. By measuring the bulk impedance of the body, the heart 
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rate may be determined. 

[0036] For arrhythmia detection, the microprocessor 60 includes an arrhythmia detector 77 that utilizes the ECG or 
heart rate signals received by data acquisition system 90 and impedance measuring circuit 11 2 for determining whether 
a rhythm is physiologic or pathologic. 

[0037] As used herein "sensing" is reserved for the noting of an electrical signal, and "detection" is the processing 
of these sensed signals and noting the presence of an arrhythmia. The timing intervals between sensed heart beats 
are classified by the arrhythmia detector by comparing them to a predefined rate zone limit (e.g., bradycardia, normal, 
low rate ventricular tachycardia, high rate ventricular tachycardia, and fibrillation rate zones) and various other char- 
acteristics (e.g., sudden onset, stability, physiologic sensors, and morphology, etc.). 

[0038] To achieve sensing of other physiological signal data useful in the diagnosis of vasovagal syncope, the monitor 
10 includes a physiologic sensor 108, which may comprise one or more sensors. 

[0039] In addition, a sensor of body position or posture, such as a three-dimensional accelerometer, is preferably 
included in physiologic sensor 108 for detecting when a patient is supine and when a patient is upright, for example, 
detecting when a change in position from a primarily vertical position to a more horizontal position occurs. For more 
details regarding the use of a three-dimensional accelerometer for detecting body position reference is made to U.S. 
Patent Application No. 09/457,451 , supra. Blood pressure and body posture signals measured by physiologic sensor 
108 are communicated to the microcontroller 60 for storage or further processing. 

[0040] For vasovagal syncope detection, the microprocessor 60 includes a syncope detector 79 that analyzes the 
ECG or heart rate signal, the blood pressure signal, and the body posture signal to determine if vasovagal syncope is 
indicated. When vasovagal syncope is detected according to any of a number of predetermined criteria, storage of the 
physiological signal data (heart rate, blood pressure and body position) is triggered in order to record the syncopal 
episode for later analysis by a physician. 

[0041] The microcontroller 60 is therefore coupled to a memory 94 by a suitable data/address bus 96 for writing and 
storing physiological data. The memory 94 is capable of storing large amounts of digitized physiological data in des- 
ignated blocks of memory until such data is permanently downloaded and cleared by a physician. Memory 94 may 
also store the programmable operating parameters used by the microcontroller 60 that may be modified, as required, 
in order to customize the operation of the monitor 1 0 to suit the needs of a particular patient. Such operating parameters 
define, for example, the trigger events for storing physiological data and the time duration for acquiring and storing data. 
[0042] Advantageously, stored physiologic signals obtained during detected syncopal or arrhythmic episodes may 
be transmitted by a telemetry circuit 100 through an established communication link 104 to an external device 102, 
such as a programmer or transtelephonic transceiver, for display and analysis by a clinician. In addition, the operating 
parameters of the monitor 10 may be non-invasively programmed into the memory 94 through the telemetry circuit 
1 00. The telemetry circuit 1 00 is activated by the microcontroller 60 by a control signal 1 06. The telemetry circuit 1 00 
allows transmission and status information relating to the operation of the monitor 1 0 (as contained in the microcontroller 
60 or memory 94) to be sent to the external device 1 02 through the established communication link 1 04. 
[0043] The monitor 1 0 is further equipped with a magnet detection circuitry 67, coupled to the microcontroller 60 via 
control signal 68. The magnet detection circuitry detects when a magnet is positioned over the monitor 10. A patient 
hand-held device, typically containing a magnet, may be held over the monitor 10 by the patient when he or she is 
feeling symptomatic. Detection of a magnet by the magnet detection circuitry 67 results in a signal to the microcontroller 
60 that the physiological signal data acquired from physiologic sensor 108 and data acquisition system 90 should be 
written to memory 94. Magnet detection circuitry 67 may also be used to receive a signal indicating that the external 
device 1 02 is in place to receive or transmit data to the microcontroller 60 through the telemetry circuit 1 00. 
[0044] The monitor 1 0 additionally includes a power source such as a battery 1 1 0 that provides operating power to 
all the circuits shown in FIG. 2. 

[0045] In Fig. 3, a flow chart is shown describing an overview of the operation and novel features implemented in 
one embodiment of the monitor 10 for monitoring physiological signals and storing data upon detection of a trigger 
event related to the diagnosis of vasovagal syncope. In this flow chart, and the other flow charts described herein, the 
various algorithmic steps are summarized in individual "blocks". Such blocks describe specific actions or decisions 
that must be made or carried out as the algorithm proceeds. Where a microcontroller (or equivalent) is employed, the 
flow charts presented herein provide the basis for a "control program" that may be used by such a microcontroller (or 
equivalent) to effectuate the desired control of the monitoring device. Those skilled in the art may readily write such a 
control program based on the flow charts and other descriptions presented herein. 

[0046] At step 305, the monitor 1 0 is operating in a monitoring mode wherein the heart rate and any other physiological 
signals received by physiologic sensor 108 are acquired and stored temporarily in microprocessor 60. Data is tempo- 
rarily stored in memory within microprocessor 60 until detection of a trigger event that will then cause the data to be 
written to memory 94 to be stored until it is downloaded to an external device 102. Preferably, on the order of, for 
example, 30 minutes of monitored data may be stored temporarily in microprocessor 60. 

[0047] At decision step 31 0, the acquired signals are processed by syncope detector 79 for determining if a trigger 
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event has occurred. A trigger event is the detection of a predefined level or change in one or more of the acquired 
signals that initiates a data storage episode. Trigger events may be preset or preferably programmable settings that 
are stored in memory 94 or microcontroller 60. For example, a trigger event may be the detection of a heart rate 
exceeding an upper rate limit, a heart rate lower than a lower rate limit, or a change in heart rate exceeding a given 
5 number of beats per minute. When blood pressure is also monitored, a trigger event may be the detection of a maximum 
or minimum blood pressure or dramatic decrease in blood pressure. 

[0048] A trigger event may also be defined by the combination of changes in two or more physiological signals, for 
example a minimum heart rate and a dramatic decrease in blood pressure. In one embodiment, a patient may also 
trigger data storage by holding a hand-held device over the implanted monitor 10 when he or she feels symptomatic. 
10 As long as no trigger event is detected, physiologic data are continuously acquired and stored in microprocessor 60 
with the oldest data being overwritten by the newest data. 

[0049] Once a triggering event is detected at decision step 31 0, the heart rate and other physiologic data temporarily 
stored in microprocessor 60 are written to memory 94 at step 320. A physician may program the data to be stored 
upon a triggering event, which may include heart rate, ECG, blood pressure, and body posture. The data is stored for 
15 a predetermined amount of time before and following the triggering event. The storage period can be determined by, 
for example, the number of signals to be stored, the number of episodes to gather and/or the total available device 
memory. 

[0050] At step 325, data stored in memory 94 is downloaded to an external device 102 and displayed for analysis 
by the physician. Data may also be downloaded transtelephonically from a distant location to a clinical center. Data 
20 may be displayed graphically or in a tabular format. Data may be displayed with respect to time on a common axis so 
that simultaneous events are easily identified. 

[0051] The monitor 1 0 is capable of collecting data for the diagnosis of intermittent cardiac arrhythmias in addition 
to vasovagal syncope. The flow chart shown in FIG. 4 illustrates a method 350 that may be incorporated in monitor 1 0 
for monitoring heart rate and other physiological signals for the detection and diagnosis of cardiac arrhythmias as well 
25 as vasovagal syncope. 

[0052] At step 355, the heart rate and other physiological data, preferably blood pressure and body posture are 
monitored by microprocessor 60. At step 360, the arrhythmia detector 77 determines if a trigger event based on heart 
rate is detected. A heart rate trigger event could be a rate maximum, a rate minimum or a dramatic increase or decrease 
in rate. At decision step 365, the arrhythmia detector 77 determines if the heart rate trigger event represents an increase 

30 in heart rate or a decrease in heart rate. 

[0053] If a decrease in heart rate has occurred, the syncope detector 79 analyzes other physiological signals at 
decision step 375 to determine if a syncopal or pre-syncopal condition is likely. Method 350 determines at decision 
step 377 if the decrease in heart rate is accompanied by one or more vasovagal criteria, such as decrease in blood 
pressure, a change in posture meeting, and/or any other physiological changes meeting predetermined criteria. If so, 

35 vasovagal syncope is detected at step 380. At step 385, the heart rate and other physiological data is written to memory 
94 to store the events leading up to and during the syncopal event. At step 390, the data may be downloaded to an 
external device 1 02 for display. 

[0054] However, if at decision step 377 method 350 determines that the decrease in heart rate is not accompanied 
by a vasovagal criterion that typically accompanies vasovagal syncope, it confirms the detection of bradycardia at step 

40 383, and the heart rate and any other physiological data programmed to be stored are written to memory 94 at step 
385. The data is then available to be downloaded to an external device 102 and displayed at step 390. 
[0055] If an increased heart rate is detected at decision step 365, arrhythmia detector 77 determines if the heart rate 
falls into a tachycardia or fibrillation rate zone and confirms the tachycardia or fibrillation detection at step 370. At step 
385, the heart rate data, and any other physiologic data programmed to be stored, are written to memory 94 for later 

45 downloading and display at step 390. Thus, method 350 allows monitor 10 to acquire, store and display data for the 
detection and diagnosis of vasovagal syncope and intermittent cardiac arrhythmias. 

[0056] In one embodiment, the monitor 10 is capable of enabling a syncope therapy method or an arrhythmia therapy 
method in another implanted device by sending a telemetric communication signal to the other device whenever the 
monitor 10 determines that a syncopal or arrhythmia episode is imminent or already occurring. Another implanted 
50 device may be a cardiac stimulation device capable of delivering stimulation pulses to the heart chambers at a rate 
higher than the intrinsic rate for the treatment of syncope. Another implanted device may also be a drug pump capable 
of infusing a pharmacological agent to counteract the cardioinhibitory or vasodepressor responses associated with 
vasovagal syncope. 

[0057] The flow chart shown in FIG. 5 provides an overview of the methods included in the monitor 1 0 for acquiring 
55 and storing data for the diagnosis of syncope and for enabling a syncope therapy in another device. At step 405, the 
monitor 10 monitors the heart rate and other physiologic signals until a storage-triggering event is detected at step 
410. Data is then stored in memory 94 at step 420, and at step 425 the data and triggering event may be further 
analyzed in order to confirm that vasovagal syncope is suspected to be occurring or about to occur. 
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[0058] When monitoring heart rate, blood pressure and posture, any one or a combination of detected changes in 
these signals may be used as trigger events or for confirmation of vasovagal syncope at decision step 425. Combina- 
tions of changes that may be detected and the patient condition that is suspected to be associated with such changes 
are listed in TABLE 1. For example, detection of a sudden decrease in blood pressure may or may not indicate vas- 
ovagal syncope. A sudden decrease in blood pressure accompanied by an increase in heart rate above a predefined 
maximum normal rate range, with or without a change in posture, would indicate a ventricular tachycardia as shown 
in the first line of TABLE 1. A sudden decrease in blood pressure accompanied by a decrease in heart rate below a 
predefined minimum heart rate or a decrease in heart rate greater than a predefined maximum heart rate change, with 
or without a change in posture, does indicate vasovagal syncope. Likewise, a sudden drop in heart rate with a position 
change that may or may not be accompanied by a decrease in blood pressure may also indicate vasovagal syncope. 
However, an increase in heart rate with a simultaneous increase in blood pressure is considered a normal response 
as would be a decrease in heart rate with a rise in blood pressure. 



TABLE 1. 



HEART RATE 


BLOOD PRESSURE 


POSTURE 


SUSPECTED CONDITION 


Increase 


Decrease 


With or without change 


Ventricular tachycardia 


Increase 


Increase 


With or without change 


Normal 


Decrease 


Decrease 


With or without change 


Vasovagal syncope 


Decrease 


Increase 


With or without change 


Normal 


Decrease 


With or without change 


Position change 


Vasovagal syncope 


No change 


Decrease 


With or without change 


Vasovagal syncope 



[0059] Detected changes in heart rate, blood pressure and posture and the associated patient condition are indicated. 
[0060] If a suspected syncopal episode is confirmed at step 425, then, at step 430, monitor 10 sends a telemetric 
signal via telemetry circuit 1 00 to another device capable of receiving the signal and delivering a vasovagal syncope 
therapy in response. 

[0061] The methods described heretofore for acquiring and storing physiologic data for the diagnosis of vasovagal 
syncope or intermittent cardiac arrhythmias included in the monitor 10 could alternatively be included directly in an 
implantable medical device capable of delivering a therapy for the treatment of vasovagal syncope or cardiac arrhyth- 
mias. For example, the monitoring methods included in monitor 1 0 may be included in an implantable cardiac stimulation 
device such as the one illustrated in FIG. 6. 

[0062] A cardiac stimulation device 11 is shown in FIG. 6 to be in electrical communication with a patient's heart 12 
by way of three leads 20, 24 and 30 suitable for delivering multi-chamber stimulation and shock therapy. To sense 
atrial cardiac signals and to provide right atrial chamber stimulation therapy, the stimulation device 1 1 is coupled to an 
implantable right atrial lead 20 having at least an atrial tip electrode 22, which typically is implanted in the patient's 
right atrial appendage. The right atrial lead 20 may also have an atrial ring electrode 23 to allow bipolar stimulation or 
sensing in combination with the right atrial tip electrode 22. 

[0063] To sense the left atrial and ventricular cardiac signals and to provide left-chamber stimulation therapy, the 
stimulation device 11 is coupled to a "coronary sinus" lead 24 designed for placement in the "coronary sinus region" 
via the coronary sinus ostium so as to place a distal electrode adjacent to the left ventricle and additional electrode(s) 
adjacent to the left atrium. As used herein, the phrase "coronary sinus region" refers to the venous vasculature of the 
left ventricle, including any portion of the coronary sinus, great cardiac vein, left marginal vein, left posterior ventricular 
vein, middle cardiac vein, and/or small cardiac vein or any other cardiac vein accessible by the coronary sinus. 
[0064] Accordingly, the coronary sinus lead 24 is designed to receive atrial and ventricular cardiac signals and to 
deliver left ventricular pacing therapy using: at least a left ventricular tip electrode 26 for unipolar configurations or in 
combination with left ventricular ring electrode 25 for bipolar configurations; left atrial pacing therapy using at least a 
left atrial ring electrode 27, and shocking therapy using at least a left atrial coil electrode 28. 

[0065] The stimulation device 11 is also shown in electrical communication with the patient's heart 12 by way of an 
implantable right ventricular lead 30 having, in this embodiment, a right ventricular tip electrode 32, a right ventricular 
ring electrode 34, a right ventricular (RV) coil electrode 36, and a superior vena cava (SVC) coil electrode 38. Typically, 
the right ventricular lead 30 is transvenously inserted into the heart 12 so as to place the right ventricular tip electrode 
32 in the right ventricular apex so that the RV coil electrode 36 will be positioned in the right ventricle and the SVC coil 
electrode 38 will be positioned in the right atrium and/or superior vena cava. Accordingly, the right ventricular lead 30 
is capable of receiving cardiac signals, and delivering stimulation in the form of pacing and shock therapy to the right 
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ventricle. 

[0066] Stimulation device 11 may also be equipped with self-contained electrodes 14 and 16 incorporated on the 
surface of the device 11 for sensing ECG signals for the determination of heart rate. 

[0067] FIG. 7 illustrates a simplified block diagram of the multi-chamber implantable stimulation device 1 1 , which is 
5 capable of treating both fast and slow arrhythmias and vasovagal syncope with stimulation therapy, including cardio- 
version, defibrillation, and pacing stimulation. While a particular multi-chamber device is shown, this is for illustration 
purposes only, and one of skill in the art could readily duplicate, eliminate or disable the appropriate circuitry in any 
desired combination to provide a device capable of treating the appropriate chamber(s) with cardioversion, defibrillation 
and pacing stimulation. 

w [0068] The stimulation device 1 1 includes a housing 40 which is often referred to as "can", "case" or "case electrode", 
and which may be programmably selected to act as the return electrode for all "unipolar" modes. The housing 40 may 
further be used as a return electrode alone or in combination with one or more of the coil electrodes 28, 36, or 38, for 
defibrillation shocking purposes. 

[0069] The stimulation device 1 0 further includes a connector having a plurality of terminals 17,18 42, 43, 44, 45, 
15 46, 48, 52, 54, 56, and 58 (shown schematically and, for convenience, the names of the electrodes to which they are 
connected are shown next to the corresponding terminals). As such, to achieve right atrial sensing and stimulation, 
the connector includes at least a right atrial tip terminal (A R TIP) 42 adapted for connection to the atrial tip electrode 
22. The connector may also include a right atrial ring terminal (A R RING) 43 for connection to the right atrial ring 
electrode 23. 

20 [0070] To achieve left chamber sensing, pacing, and shocking, the connector includes at least a left ventricular tip 
terminal (V L TIP) 44, a left ventricular ring terminal (V L RING) 45, a left atrial ring terminal (A L RING) 46, and a left 
atrial shocking coil terminal (A L COIL) 48, which are adapted for connection to the left ventricular tip electrode 26, the 
left ventricular ring electrode 25, the left atrial ring electrode 27, and the left atrial coil electrode 28, respectively. 
[0071] To support right ventricular sensing, pacing and shocking, the connector further includes a right ventricular 

25 tip terminal (V R TIP) 52, a right ventricular ring terminal (V R RING) 54, a right ventricular shocking coil terminal (RV 
COIL) 56, and an SVC shocking coil terminal (SVC COIL) 58, which are adapted for connection to the right ventricular 
tip electrode 32, right ventricular ring electrode 34, the RV coil electrode 36, and the SVC coil electrode 38, respectively. 
[0072] Terminals 17 and 18 are provided for connection to the sensing electrodes 14 and 16 incorporated on the 
surface of device 11 for detecting ECG signals for determining heart rate. 

30 [0073] At the core of the stimulation device 1 1 is a programmable microcontroller 60 that controls the various modes 
of stimulation therapy. The microcontroller 60 typically includes a microprocessor, or equivalent control circuitry, de- 
signed specifically for controlling the delivery of stimulation therapy, and may further include RAM or ROM memory, 
logic and timing circuitry, state machine circuitry, and I/O circuitry. Typically, the microcontroller 60 includes the ability 
to process or monitor input signals (data) as controlled by a program code stored in a designated block of memory. 

35 Any suitable microcontroller 60 may be used that carries out the functions described herein. 

[0074] FIG. 7 illustrates an atrial pulse generator 70 and a ventricular pulse generator 72 that generate stimulation 
pulses for delivery by the right atrial lead 20, the right ventricular lead 30, and/or the coronary sinus lead 24 via a switch 
74. It is understood that in order to provide stimulation therapy in each of the four chambers of the heart, the atrial 
pulse generator 70 and the ventricular pulse generator 72 may include dedicated, independent pulse generators, mul- 

40 tiplexed pulse generators, or shared pulse generators. The atrial pulse generator 70 and the ventricular pulse generator 
72 are controlled by the microcontroller 60 via appropriate control signals 76 and 78, respectively, to trigger or inhibit 
the stimulation pulses. 

[0075] The microcontroller 60 further includes timing control circuitry 79 which is used to control the timing of such 
stimulation pulses (e.g., pacing rate, atrio-ventricular (AV) delay, atrial interconduction (A-A) delay, or ventricular inter- 
ns conduction (V-V) delay, etc.), as well as to keep track of the timing of refractory periods, noise detection windows, 
evoked response windows, alert intervals, marker channel timing, etc. The switch 74 includes a plurality of switches 
for connecting the desired electrodes to the appropriate I/O circuits, thereby providing complete electrode program- 
mability. Accordingly, the switch 74, in response to a control signal 80 from the microcontroller 60, determines the 
polarity of the stimulation pulses (e.g., unipolar, bipolar, cross-chamber, etc.) by selectively closing the appropriate 
50 combination of switches. 

[0076] Atrial sensing circuits 82 and ventricular sensing circuits 84 may also be selectively coupled to the right atrial 
lead 20, coronary sinus lead 24, and the right ventricular lead 30, through the switch 74, for detecting the presence of 
cardiac activity in each of the four chambers of the heart. Accordingly, the atrial and ventricular sensing circuits 82 and 
84 may include dedicated sense amplifiers, multiplexed amplifiers, or shared amplifiers. The switch 74 determines the 
55 "sensing polarity" of the cardiac signal by selectively closing the appropriate switches. In this way, the clinician may 
program the sensing polarity independent of the stimulation polarity. 

[0077] Each of the atrial sensing circuit 82 or the ventricular sensing circuit 84 preferably employs one or more low 
power, precision amplifiers with programmable gain and automatic gain or sensitivity control, bandpass filtering, and 
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a threshold detection circuit, to selectively sense the cardiac signal of interest. The automatic sensitivity control enables 
the stimulation device 1 1 to deal effectively with the difficult problem of sensing the low amplitude signal characteristics 
of atrial or ventricular fibrillation. 

[0078] The outputs of the atrial and ventricular sensing circuits 82 and 84 are connected to the microcontroller 60 

5 for triggering or inhibiting the atrial and ventricular pulse generators 70 and 72, respectively, in a demand fashion, in 
response to the absence or presence of cardiac activity, respectively, in the appropriate chambers of the heart. The 
atrial and ventricular sensing circuits 82 and 84, in turn, receive control signals over signal lines 86 and 88 from the 
microcontroller 60, for controlling the gain, threshold, polarization charge removal circuitry, and the timing of any block- 
ing circuitry coupled to the inputs of the atrial and ventricular sensing circuits 82 and 84. 

10 [0079] For arrhythmia detection, the stimulation device 1 0 includes an arrhythmia detector 77 that utilizes the atrial 
and ventricular sensing circuits 82 and 84 to sense cardiac signals, for determining whether a rhythm is physiologic or 
pathologic. As used herein "sensing" refers to the process of noting an electrical signal. "Detection" refers to the step 
of confirming that the sensed electrical signal as the signal being sought by the detector. As an example, "detection" 
applies to the detection of both proper rhythms (i.e., "R wave" or "R wave") as well as improper dysrhythmias including 

15 arrhythmia and bradycardia (e.g., detection of the absence of a proper rhythm.) 

[0080] The timing intervals between sensed events (e.g. P -waves, R-waves, and depolarization signals associated 
with fibrillation which are sometimes referred to as "F-waves" or "Fib-waves") are then classified by the arrhythmia 
detector 77 by comparing them to a predefined rate zone limit (e.g. bradycardia, normal, low rate ventricular tachycardia, 
high rate ventricular tachycardia, and fibrillation rate zones) and various other characteristics (e.g. sudden onset, sta- 

20 bility, physiologic sensors, and morphology, etc.), in order to determine the type of remedial therapy that is needed (e. 
g. bradycardia pacing , anti-tachycardia stimulation, cardioversion shocks or defibrillation shocks, collectively referred 
to as "tiered therapy"). 

[0081 ] Cardiac signals are also applied to the inputs of a data acquisition system 90, which is depicted as an analog- 
to-digital (A/D) converter for simplicity of illustration. The data acquisition system 90 is configured to acquire intracardiac 

25 electrogram (EGM) signals or ECG signals, convert the raw analog data into digital signals, and store the digital signals 
for later processing and/or telemetric transmission to an external device 1 02. The data acquisition system 90 is coupled 
to the right atrial lead 20, the coronary sinus lead 24, and the right ventricular lead 30 through the switch 74 to sample 
EGM signals across any pair of desired electrodes. Data acquisition system 90 is also coupled to electrodes 14 and 
16 for sampling ECG signals for determining a heart rate. 

30 [0082] Advantageously, the data acquisition system 90 may be coupled to the microcontroller 60 or another detection 
circuitry, for detecting an evoked response from the heart 12 in response to an applied stimulus, thereby aiding in the 
detection of "capture". In the embodiment shown in FIG. 7, the microcontroller 60 includes an automatic capture detector 
65 that searches for an evoked response signal following a stimulation pulse during a "detection window" set by timing 
control circuitry 79. The microcontroller 60 enables the data acquisition system 90 via control signal 92 to sample the 

35 cardiac signal that falls in the capture detection window. The sampled signal is evaluated by automatic capture detector 
65 to determine if it is an evoked response signal based on its amplitude, peak slope, morphology or another signal 
feature or combination of features. The detection of an evoked response during the detection window indicates that 
capture has occurred. 

[0083] The microcontroller 60 is further coupled to a memory 94 by a suitable data/address bus 96, wherein the 
40 programmable operating parameters used by the microcontroller 60 are stored and modified, as required, in order to 
customize the operation of the stimulation device 1 1 to suit the needs of a particular patient. Such operating parameters 
define, for example, stimulation pulse amplitude, pulse duration, electrode polarity, rate, sensitivity, automatic features, 
arrhythmia detection criteria, syncope detection criteria, and the amplitude, waveshape and vector of each stimulation 
pulse to be delivered to the patient's heart 12 within each respective tier of therapy. Memory 94 is further capable of 
45 storing large amounts of physiological data in designated blocks of memory until such data is permanently downloaded 
to an external device 102. 

[0084] Advantageously, the operating parameters of the stimulation device 11 may be non-invasively programmed 
into the memory 94 through a telemetry circuit 1 00 in telemetric communication with the external device 1 02, such as 
a programmer, transtelephonic transceiver, or a diagnostic system analyzer. The telemetry circuit 100 is activated by 
50 the microcontroller 60 by a control signal 106. The telemetry circuit 100 advantageously allows an intracardiac elec- 
trogram (referred to as IEGM or EGM), stored physiologic signals, and status information relating to the operation of 
the stimulation device 11 (as contained in the microcontroller 60 or memory 94) to be sent to the external device 102 
through the established communication link 104. 

[0085] The stimulation device 11 further includes a physiologic sensor 108, commonly referred to as a "rate-respon- 
55 sive" sensor because it is typically used to adjust stimulation rate according to the exercise state of the patient. However, 
the physiological sensor 108 may further be used to detect changes in cardiac output, changes in the physiological 
condition of the heart, or diurnal changes in activity (e.g., detecting sleep and wake states). Accordingly, the micro- 
controller 60 responds by adjusting the various stimulation parameters (such as rate, AV Delay, V-V Delay, etc.) at 
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which the atrial and ventricular pulse generators 70 and 72 generate stimulation pulses. 

[0086] In accordance with the present invention, physiologic sensor 1 08 includes one more sensors of physiological 
signals useful in the detection and diagnosis of vasovagal syncope. Thus, the physiological sensor 108 preferably 
includes a blood pressure sensor and a body posture sensor. Microprocessor 60 is equipped with a syncope detector 
79 for the detection of vasovagal syncope or pre-syncopal events using the physiological signals received from phys- 
iological sensor 108 and IEGM or ECG signals received from data acquisition system 90. 

[0087] The stimulation device 1 1 additionally includes a power source such as a battery 1 1 0 that provides operating 
power to all the circuits shown in FIG. 7. For the stimulation device 11, which employs shocking therapy, the battery 
110 must be capable of operating at low current drains for long periods of time, preferably less than 10 juA, and also 
be capable of providing high-current pulses when the patient requires a shock pulse, preferably, in excess of 2 A, at 
voltages above 2 V, for periods of 1 0 seconds or more. The battery 110 preferably has a predictable discharge char- 
acteristic so that elective replacement time can be detected. 

[0088] The stimulation device 11 further includes a magnet detection circuitry 67 coupled to the microcontroller 60. 
The magnet detection circuitry detects when a magnet is placed over the stimulation device 1 1 . A magnet may be used 
by a clinician to perform various test functions of the stimulation device 11 and/or to signal the microcontroller 60 via 
control signal 68 that the external programmer 102 is in place to receive or transmit data to the microcontroller 60 
through the telemetry circuits 1 00. In accordance with the present invention a patient may hold a magnetic hand-held 
unit over the implanted device 11 when he or she feels symptomatic. Detection of a patient-activated signal by the 
magnet detection circuitry 67 results in a signal to the microcontroller 60 that heart rate and physiological signal data 
from physiologic sensor 108 should be acquired and stored in memory 94 for the purposes of diagnosing syncope or 
intermittent arrhythmias. 

[0089] As further illustrated in FIG. 7, the stimulation device 11 is shown to include an impedance measuring circuit 
112 which is enabled by the microcontroller 60 by control signal 114. In accordance with the present invention, the 
impedance measuring circuit 112 may be used to measure changes in body impedance using sensing electrodes 14 
and 1 6 for the purposes of measuring a heart rate. Other known uses for an impedance measuring circuit 1 1 2 include, 
but are not limited to, lead impedance surveillance during the acute and chronic phases for proper lead positioning or 
dislodgement; detecting operable electrodes and automatically switching to an operable pair if dislodgement occurs; 
measuring respiration or minute ventilation; measuring thoracic impedance for determining shock thresholds; detecting 
when the device has been implanted; measuring stroke volume; and detecting the opening of heart valves, etc. The 
impedance measuring circuit 1 1 2 is advantageously coupled to the switch 74 so that any desired electrode may be used. 
[0090] If it is a function of the stimulation device 1 1 to operate as an implantable cardioverter/defibrillator (ICD) device, 
it must detect the occurrence of an arrhythmia, and automatically apply an appropriate electrical stimulation or shock 
therapy to the heart aimed at terminating the detected arrhythmia. To this end, the microcontroller 60 further controls 
a shocking circuit 116 byway of a control signal 118. The shocking circuit 116 generates shocking pulses of low (up 
to 0.5 Joules), moderate (0.5 - 10 Joules), or high (11 to 40 Joules) energy, as controlled by the microcontroller 60. 
Such shocking pulses are applied to the patient's heart through at least two shocking electrodes, and as shown in this 
embodiment, selected from the left atrial coil electrode 28, the RV coil electrode 36, and/or the SVC coil electrode 38 
(FIG. 6). As noted above, the housing 40 may act as an active electrode in combination with the RV electrode 36, or 
as part of a split electrical vector using the SVC coil electrode 38 or the left atrial coil electrode 28. 
[0091] Cardioversion shocks are generally considered to be of low to moderate energy level (so as to minimize pain 
felt by the patient), and/or synchronized with an R-wave and/or pertaining to the treatment of tachycardia. Defibrillation 
shocks are generally of moderate to high energy level (i.e., corresponding to thresholds in the range of 5-40 Joules), 
delivered asynchronously (since R-waves may be too disorganized), and pertaining exclusively to the treatment of 
fibrillation. Accordingly, the microcontroller 60 is capable of controlling the synchronous or asynchronous delivery of 
the shocking pulses. 

[0092] External device 102 is shown, in this embodiment, to include a control system 103 for controlling the pro- 
gramming and testing operations of the external device 102; a memory 105 for storing operational parameters or 
physiological data downloaded from stimulation device 1 1 ; a display 1 07 for displaying physiological data or results of 
issued programming commands; and a user interface 1 09 for entering programming commands or requests to retrieve 
data stored in stimulation device 11 . 

[0093] In Fig. 8, a flow chart is shown depicting a method 500 included in one embodiment of the device 11 for 
detecting an arrhythmic or syncopal condition, acquiring and storing data leading up to and during a detected arrhythmia 
or syncopal event, and delivering a therapy for the detected condition. At step 505, the microprocessor 60 monitors 
the heart rate and other physiological data, preferably blood pressure and posture. At step 510, the microprocessor 
60 determines if a trigger event based on heart rate has occurred, which may be a dramatic increase or decrease in 
heart rate or a detected rate above a maximum or below a minimum normal rate. Heart rate may be determined based 
on intervals between sensed cardiac events, such as P-waves or R-waves, obtained from IEGM signals sampled by 
data acquisition system 90. The heart rate may also be determined based on ECG signals measured from electrodes 
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14 and 16 or impedance measurements made by impedance measuring circuit 112 based on signals measured from 
electrodes 14 and 16. As long as no change is detected in heart rate, the device 11 continues to monitor the signals 
at step 505. 

[0094] If a heart rate trigger is detected at decision step 510, the microprocessor 60 determines if it is an increase 
at step 515. An increase in heart rate is further analyzed by arrhythmia detector 77 at step 520 to determine the rate 
zone (low rate tachycardia, high rate tachycardia, or fibrillation) and confirm ventricular tachycardia or fibrillation. At 
step 540, the stimulation device 11 delivers stimulation or shocking therapy to terminate the detected tachycardia or 
fibrillation according to the programmed tiered-therapy operating parameters. Stimulation and shocking therapy may 
be enabled or disabled and, if enabled, delivered after all tachycardia or fibrillation detection criteria have been met. 
At step 555, heart rate and physiological data are written to memory 94 to record the arrhythmic episode for later 
downloading and display at step 560. 

[0095] If a heart rate trigger detected at step 510 is due to a decrease in heart rate rather than an increase as 
determined at step 515, the syncope detector 79 further analyzes the blood pressure and/or body posture signals to 
determine if an additional trigger event based on these signals has occurred. For example, if a dramatic decrease in 
blood pressure is detected, vasovagal syncope may be confirmed at step 530. At step 545, a syncope therapy, if 
enabled, may be delivered by stimulation device 11 . Typically, syncope is treated by delivering stimulation pulses at a 
rate higher than the intrinsic detected heart rate. At step 555, heart rate and other physiological data are written to 
memory 94 to record the syncopal episode and events preceding it. This data may then be downloaded and displayed 
at a later time at step 560. 

[0096] If no additional trigger events based on the physiological sensors are detected by syncope detector 79 at 
decision step 525, for example blood pressure is in a normal range for the detected heart rate, then vasovagal syncope 
can not be confirmed and the reduction in heart rate is detected as bradycardia at step 535. Bradycardia pacing may 
be delivered at step 550 by the stimulation device 11 according to the programmed pacing mode and base rate. At 
step 555, the heart rate data and other physiological data (if desired) are written to memory 94 so that events leading 
up to and including the bradycardia episode are recorded and available for downloading and display at a later time at 
step 560. 

[0097] Thus, a system and method for diagnosing vasovagal syncope or intermittent cardiac arrhythmias has been 
described in which physiological data is monitored and, when a detected trigger event occurs, stored in memory for 
later downloading and analysis by a physician. The methods described herein provide physiological data similar to tilt- 
table testing with the advantage of acquiring such diagnostic data during actual, spontaneous syncopal events. These 
methods may be included in a dedicated monitoring device, in a monitoring device capable of enabling a therapy 
method in another device, or in a therapeutic device that combines vasovagal syncope and arrhythmia monitoring with 
the delivery of appropriate therapy when such conditions are detected. While detailed descriptions of specific embod- 
iments of the present invention have been provided, it would be apparent to those reasonably skilled in the art that 
numerous variations of the methods described herein are possible in which the concepts of the present invention may 
readily be applied. The descriptions provided herein are for the sake of illustration and are not intended to be exclusive. 



Claims 

1. A device for monitoring physiological signals comprising: 

a plurality of sensors that acquire first and second physiological signals; 

a detector connected to at least one of the sensors, wherein the detector is operative to detect if the first 
physiological signal represents a blood pressure trigger event, and to determine a direction of change of the 
trigger event; 

a control circuit that analyzes the second physiological signal to determine if a heart rate has changed if the direction 
of change of the trigger event represents a decrease in blood pressure, wherein the circuit determines a potential 
vasovagal syncope condition exists if the heart rate has not increased. 

2. A cardiac stimulation device capable of monitoring physiological signals, the device comprising: 

means for detecting a blood pressure decrease; 

means for determining if a heart rate changes subsequent to the detected blood pressure decrease; and 
means for determining that a potential vasovagal syncope condition exists if the heart rate does not increase. 

3. The device of claim 1 or 2, wherein the second physiological signal comprises at least one of an electrocardiogram 
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(ECG) signal, a heart rate measurement, a body posture measurement or a maximum heart rate. 

4. The device of claim 3, wherein the heart rate measurement comprises any one of: 

5 a maximum heart rate; 

a minimum heart rate; and 

a predetermined change in the heart rate. 

10 5. The device of claim 1 or 2, wherein the control circuit analyzes the first physiological signal by analyzing any one of: 

a maximum blood pressure; 
a minimum blood pressure; and 

15 a predetermined change in blood pressure. 

6. The device of claim 1 or 2 further comprising means for storing acquired physiological signals for a predetermined 
period upon detection of the blood pressure trigger event, and preferably further comprising means for displaying 
stored physiological data. 

20 

7. The device of claim 1 or 2 further comprising means for treating vasovagal syncope if vasovagal syncope is con- 
firmed and preferably wherein the means for treating vasovagal syncope is arranged to deliver cardiac stimulation 
pulses at a rate above an intrinsic heart rate. 

25 8. The device of claim 1 or 2 wherein the means for selectively confirming vasovagal syncope comprises means for 
diagnosing intermittent cardiac arrhythmia and preferably wherein confirming intermittent cardiac arrhythmia com- 
prises confirming bradycardia or wherein confirming intermittent cardiac arrhythmia comprises confirming any one 
of low rate tachycardia, high rate tachycardia and fibrillation and preferably further comprising means for treating 
the intermittent cardiac arrhythmia. 

30 

9. An apparatus for monitoring physiological signals comprising: 

means for acquiring at least a first and a second physiological signal; means, if the first physiological signal 
represents a blood pressure trigger event, for determining a direction of change of the trigger event; means, 
35 if the direction of change of the trigger event represents a decrease in blood pressure, for analyzing the second 

physiological signal to determine if a heart rate has changed since the decrease in blood pressure; and 
means for confirming a likelihood of vasovagal syncope if the heart rate does not increase. 

10. A method of monitoring physiological signals comprising: 

40 

acquiring at least a first and a second physiological signals; 

if the first physiological signal represents a blood pressure trigger event, determining a direction of change of 
the trigger event; 

if the direction of change of the trigger event represents a decrease in blood pressure, analyzing the second 
45 physiological signal to determine if a heart rate has changed since the decrease in blood pressure; and 

confirming a likelihood of vasovagal syncope if the heart rate does not increase. 
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(57) An implantable monitor (1 0) and method to ac- 
quire, store, and display physiological data for the diag- 
nosis of vasovagal syncope or intermittent cardiac ar- 
rhythmias. Physiological data monitored preferably 
comprises heart rate, blood pressure, and body posture. 
Physiological signals are monitored until detection of an 
event that triggers the storage of data. A storage-trig- 
gering event may be a maximum or minimum heart rate 



or blood pressure, a dramatic change in heart rate or 
blood pressure, or a patient-activated signal. In one em- 
bodiment, confirmed detection of vasovagal syncope by 
the monitor (1 0) causes a telemetric command to enable 
a syncope therapy. Storage of physiologic data is trig- 
gered by predetermined arrhythmia or syncope detec- 
tion criteria and appropriate stimulation therapy for the 
detected condition may be enabled. 
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